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Abstract

The research is to establish the design and analysis processes of
modular joint with prosthesis for femur, including the construction of
bone-prosthesis model (BPM) with an inclined angle between axial
directions of stem and femur, and the finite element analysis. The 3-D
bone-visual model (BVM), bone-solid model (BSM) and BPM have been
defined and used to integrate with the finite element analysis (FEA). A
simplified mechanics model has been developed and compared with that
of the result of FEA of the BPM with near femur implant. Another FEA
result of BPM with distal femur implant has also been investigated and
verified with an X-ray image of clinical case. Based on the FEA results
of the BPM with near femur implant, different body weight and height
have been simulated and analyzed with variant diameter of implant stems.
Regression models of maximum wvon- Mises stress of prosthesis and
cortical bone have been constructed to forecast the stress distribution of
stem and cortical bone. In this research, the lower chance of stem
failure is obtained when the stem diameter is larger than 13mm.
Therefore, stress distribution and the location of the maximum von Mises
stress of cortical bone or stem in BPM can clinically be used to assist in
selecting appropriate implant for patient of different body height and
weight.  Furthermore, the developed method can be applied to implants

related to other joints, including knee joint and shoulder joints.

Keywords: Modular prosthesis, bone-prosthesis model, simplified

mechanics model, finite element analysis, body height and weight.
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NS

WHBEL L > gd FAOEREEHKRA T B E (Grey
value) - § 3 BlE dhh g B fr e soento k9 5 40~80[28] 0 o
B AT e & IR o4 B)2.90 2 ¢ #BR 5 % e g vY Quadriceps femoris

muscle) ~ % ¢ #5z 2 #rer + (Patellar ligament) ~ % ¢ #55z 2 2%

» (Gastrocnemius muscle) * ¢ # 5z = # F # (Cortical bone) -

el
£
o
Jin
_\i"i:
e

BR T raETE R R 523985 o BlE = o {2

£ 9 B 03 o iy (§12.10)

1
% 12

13

y

1/t

16
17

18

3

B 2.7 "B & %k m [29]
( Sagittal section through the knee joint )
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1 Femur 34
2 Quadriceps femoris muscle %z g3+
3 Suprapatellar bursa and articular cavity %+ i & f-hf & 9%
4 Patella #% 1
5 Patellar surface (articular cartilage ) %= (& & 3c ¥ )
6 Intrapatellar fat pad #% ™ 75 %# %
7 Patellar ligament #¢¥# & &
8 Tibia &%
9 Tibial nerve %&#? &
10 Addu ctor magnus muscle p 4z + »v
11 Popliteal vein "% "&p #%
12 Semitendinosus muscle 2 %3
13 Semimembranosus muscle * #3v
14 Popliteal artery "% "&- "%
15 Gastrocnemius muscle ## % 3+
16 Anterior cruciate ligament = - F & ¥
17 Posterior cruciatedigament & -+ F &r &
18 Popliteus muscle " »&p~
19 Soleus muscle . +“ p g3v

JAEAY

W] 2.8 " B & i 2 # ] 2.9 BiE o o 2 0BR &

(' Vertical cross-section of ( Selected soft tissue, patella and
knee joint is showed by Amira ) tibiofemoral joint)
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B 210 == 2% &4 2 85 a

( Visual and contour model of 3-D left knee joint)
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2.2 W EF F WA E 2 (BSM)

% 4 d Amira ¥ 7 *.dxf: i CAD#x &% ¢ 32 SolidWorksf-Pro-Ez&
SR RME o T R REED s 2 R 5 b 45 % SolidWorks e
Pro-Eefud £ 2 & 4v tIgip o
2.2.1 1 SolidWorks 4% 129 # 431 [26]

%8 Amira ﬁx%ﬁﬂi%] Iikh% (*dxf) & SolidWorks & » = % ™ i

L Bod R O(4oB) 211) 0 ESEH VIR - B2

ik (B 212) & f§ 1~ BRI G fe & Al AR 1 &7 328 8w v )

T A B R 0 B B B B AR R A > IR B RIRA &
10mm 5 — B BIEp Hed :ﬁ%émwwf s @ T LR, T
PR e > ATRReT: F bmm A - FTRE 0 fET) 1 (S 4c B 2.13 -
Hisrond g B RS chd BE £F 0 2 A R T
Bl 5 Bkd &0 £ f1* SolidWorks @ erdfip & 32 0 34 50 4 2 8% Brie
FREMEY > £ FR R TR (B 2.14) fesr b HE
4] (§ 2.15) > R o R4S F R E R S 425mm o F)E et

% <~ & FRfe o Bk A 5 250mm e

20



B 2.11 %4 #5Exw 2 (Contours curve of femur)

Bl 2.12 §§ 15 oL ¥ B Erd 4

( Contours curve of bone after simplified )
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Smm

B 2.13 % F fh e AR A 1 18 et AR B

( Front view of contours curve of bone after simplified )

B 2.14 %% -% F % (Femur-Cortical bone)
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@B 2.15 ¥ -zt ¥ (Femur-Cancellous bone )
2.2.2 11 Pro-E 495 @_

2.16 ) &% ¥ s > 2 Pro- E%f?“”fg@w‘%-ﬁ BB o T R

4 W A acAE b & A (W

B FuE A G RGP o 4o dod Amira SR A R (Rudxf) I
Pro-E 5B # B i i~ {8 4r @ 2.17 -

BAR*FRR{-1 & (Boundary Blend) d % v 52 2 f R

# % (Boundary Surface) 4] 218 ~ %A 4 = B iR duf R d o

(R 219) = BIEFRF 55 24 (B 219) JI* £&sad g

PRI G EFH R =2 B LD Gl ko R It LA

FdF (G2) 4rf 2200 E kst a A S-d G LR
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AR SN T U

&

(U
¢ * Pro-E ificg] 4 - et oo 18

%
L

| (B 221)- ¥

E: Al
=

LS s - F M

i

L

¥ 7
|

=

S

a2,

s

Pro-E »

v
e

¥

= %

1,”‘

AR i

1
P

e i

ayer has two contours )

ﬂ; ir;

H 216 - & =

Bl 2.17 " ¥ & Ex# 2 (Contours curve of femur)
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Bound
Surface 2

Boundary
Surface 3

B 219 = B &F R+ o (Three main Boundary Surfaces)
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1
a —

F
_ 2

B 2.21 ¥ g7 -3 (BSM)
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2.3 41 M &7 WE-3E 2 (BPM)

AETAPEY 2R EHE T A EH S P T -2 CAD
F A %ﬁr’ F3k3t2. CAD % k¢ (UniGraphics 16.0) ## 4% & i@ *
P2 IGES A% » HAlemk 2 8.5 0 3 QLT it

%KA ’}‘r _L%m‘ Im—ré Jf%’}g“:\l;b/n\*’?im?‘f L WA 32%
CAD (SolidWorks# Pro-E ) i& {7 f§ f* #7] enig 4l o
MTFARFEATE AT TR EARN AR e R4

RERBE & [26] ~ A =32 F o4 104 [27] - 4 T AERE &30 ¢ 4

£ GAE
va 7 it o] 3k (Femoral head )~k 4 1734 ~ i (Proximal femoral

component) ~ ® Foaf ¥ F & B (Segment) - 4m (Stem) 0 @ BT
N N A R i U

LR 5 e 4o B12.21-2.25 0 ki
34 (Distal Femur) ¢ 7 ¢ gzt % & E (Segment) ~ ¥ 45 (Stem)
fe A 1k F (Patellar) #3]4-$]2.26-2.27 » 2 ¢ ¢ B i F &£ 0¥
B Acfpid - HRFI2.23-2.240 A 1R FRNG F] G A TR R S OH
FAINE TR A oo it B AR A2 BEA T
iLH &S e §]2.28 - 4 1% K E

e (1)(2) f§ i 4om2.15 -
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(a) UOC Femoral head (b) Simplified femoral head
i8] 2.22 CAD of femoral head[26]

(a) UOC proximal femoa '( b) Simplified proximal femoral
component component
i8] 2.23 CAD of Femoral proximal component[26]

(a) UOC segment (b) Simplified segment
i8] 2.24 CAD of segment[26]

28



(a) UOC stem (b) Simplified stem
i8] 2.25 CAD of stem[26]

. 8

(a) UOC Implant (b) Simplified implant

] 2.26 CAD of implant[26]

B 2.27 < 1% ¥ f 1 B @B 2.28 * =33 % (Distal Femur)

( Patellar model simplified )
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(a) (b)
B 2.29 * 1 %% F & (Proximal tibial ) [27]

O
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24 FREAZ-F A LB S A

d > Amira i3 » CT (MRI) a3 #7 BIE 30k engs fr > A
IR AR T RETE e o ARRP TR ~ £ R 2 B HE
oo AT A R A R e BSM £ P CT #2 e o 9 fic s =
2R TRy ootz cnf R R AER (B 2.30) 0 50 41 B
ikt R BART ST phdE Rt AR E B RF L LG
N F o PRI T AP S AW AR L F R W Bt BRI AR TR

CIMEE RS T AR AR AP EE R R

ﬂx’&

LA R R AL et AR e R Rt T 4% s e CAD
‘:IELI'B"E’?’T’TJ%? A%;F’ﬁx“n agf%%fﬁm?'u’wﬁ%jﬁﬁfg%

AR AR 5 7 UEIA 1B &

13\\-

CRUNE ISl
At e AR EALREHA IR S ERF R EE T Em P > ¥t

$0 g O F Y e it
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B 2.30 & » & % s (Datum line of implant)
241 % F e ix3 LA 1R F ks
B AREREZRE T A MBA LAl 231 134500 & B HRF R
Az o BRI G ocngp o o A WBEILF N oh AR B L BLiE AR e [B)

2.32 > #wH o] @

o

‘ﬂm/z-‘f"\#prﬂ' I AR o
EREAIE S » > FAERIFLRF LR 2R HR
F AL S 425mmo R &2 BRI R R BAKER S
250mm > B A Bat @ F o BB~ (SR E BB RS F B E -
Koo enin® o 7 fEd CAD S st T ek o 1% CAD #i4l
NHHAF 2T LT rhd vy RRE AERE K
FomfE M R S RERTEAEEAG T REF R R 2
BoAe A I RS AR D Lo AR B G B e R BTS2

BRI E IS 15mm e B 5B SR SR S R
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AL E N A L R R FIL LRl AR A

AR EE R A - P FlHLAc® 233 R FOREE R G Imm
Pleric e r ez A 1 e ® 225 183mm: @ %dsE & 5 110mm -

Fx A A1 BMEE Rtz AT WG BE e s S 4cF 234

& AR Ao B 2.35 -

numllllll"ﬁ“,
T e
i

(b)

(a)
B 2.31 £+ s & & (The angle with normal line )

Medial condyle of femur

Lateral condyle of femur

B 2.32 Bk pooh RS ST R F]
( Picture of connective line of Medial condyle and Lateral condyle of

femur)
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] 2.33 43+ & Bl (Picture about drilling )

B 2343748 4 LA SRt 2 L B

( Assembly of custom-made hip system and femur )
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RN

<>

RIBEFASMIRK L BEER

~
~

HEAATLMEG

B 2.35 4 1 g &2 0 F =2 IR AR )
(Flow chart of assembly of custom-made hip system and femur)
2.4.2 "% 3] ¢ Implant 5 & 2 gt 80 F 47 34[27]
BAAewmow F &St > A R Amira BliE TG 8 B i
SolidWorks ¢ 1| #* & 3= ¥ # 5¢ ¥ & BB (T F RV > £ 2R WIE
B & 0T (B 2.36)
FRAABRUM S AT M CE ol et 1M E

(Implant) & {7 %

-
ALy

' I Bde ] 2.37 chghes JHE phfo JLE Sheh- 2
HRAEE L E A X 2 4o 2.38 LB o £ iE B Implant &0
BTG AR M E P AR T (CLFRRER TR E A IME TG )@
He4i5i2 2 T 75 4@ 239 == 24 4@ 2.340 ~ B 241 -

B FHFE AT ES GF AL IMSOEE > ATRE L - B G%RT
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_BE'-_)‘ff__BE?_—ETﬁ%IJ!}! E‘f”?ié‘_lu7j{éflj§h m‘%_)\lﬁﬂ- ,1}‘]1&[‘ l’f—_——%

A (Femur) BRA IR &R » M4 RRFFRELE PR A
Mol » e A o

e 2.42 L w SR b AREEYLZ Implant <@ & M Tk o 2
f)ﬁa&%% (Tibia) 4 » Implant > & Implant & 38 fheo 4 1 %% 2
BoE s b PSR AR A 1B E o e e TPRE i
BEEZERH o P EEF K dhe 0 B 243 #77 o Implant & v&F
RAIEE L s > B EF stv AR 2440 50 e s A 1B
2R s g L Jgﬁiéé‘ﬁﬁvff_ﬁéi?ﬂ)’iw e hof] 2.45 4
T MNBEERTRE mzi%‘juz% B Bgrle o A LB E 2R
A s Lw s R BRI AR 246577 0 =2 BREE L SR 247
v AaME S HERF LR M E G PG LR AIRET S

LTS A

B 2.36 7 %99 B & CAD H-%
( CAD model of deficient tibiofemoral joint) [27]

36



B 2.37 7% 5k B & T senghfe Implant sk 3 ik
( Deficient point of tibia and axis of implant) [27]

1 2.38 "LHliE# 5 € & £ 8% % PiLE

( Limitation of the coincident concurrent) [27]

B 239 EFEBA L5 5T Far4)iEid
7

( Constraint of parallel planes) [27]
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B 2.40 ‘e & Blerr AR B (Anterior view of assembly ) [27]

(a)Lateral view (b)#5 Exor £ B (Contour of implant
and femur) [27]
B 241 2 & Blent 4Bl 2 AT R B

(Lateral view and top view of assembly ) [27]
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B 2.42 e st AIvEEdE2 Implant <03 & B i

(Height of soft tissue distance femur bottom distance and Implant) [27]

B 2.43 i3] Implant “4p R %
( Relationship between model and Implant) [27]
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B] 2.44 Implant g2 9&F 4] 0% £ 5 e o

( Constraints of Implant and Tibia are coaxial ) [27]

B 2.45 *» 5% = % (Location of excision) [27]

Bl 246 = A Xz BEe

( Assembly divides into three components ) [27]
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B 2.47 iz {s e = B (Finish situation of after assembly ) [27]

2.5Amira$%l>~ CAD : trx =

CAD &t 3 i & £.d G~ ks a ko CAD E_F it

3 Fg et B~ Amira g ) e 9 g B A DA B

PRI ER o f LLCT B8 5 A i L Z phjin

MG ATE Y A E R LE A d B e § & @4 Amira

o
H
N
(@) ]
N
D2
s~

3

2|
=1
-\m\i
R

v erAc > Amira i iy ~ Solidworks 2 = 14 41
*rHERIE S BBA B Fanpede (CT R Y 5§ BEdL) 4o
Bl 2.48 > £ 14 KA KBRS 2.50mm S e EE  1.25mm d g8 A
Amiraﬁ%l » CAD e Z dhen® < ¥ g eho £ R E XY & F s ,*IA
LCT B ifm 7 enle Tt o el Bolord 2 e sl oo m > 4
AHER B~— & CT ® i 1% Amira ¥vg £ p| 2 £ 0T & 4o 249
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P %% 5 3.6289cm > 3¢ t‘*ﬁi%%‘rsﬂi%] » CAD - & Bl H & e & B 4
B 250 £ Rl % 5 352emF4L 5 3% 0 FA R TG ERIHBER

HEBES S B RRDEE 5 1 BlE 0 g RAGEL o d
7 5 CAD #1887 5 e B~ Amira i 1 en it o A Raev F R o

BliE e R - phip A e W et o

rEEE: [T

ZE&#: 0.25cm

Delta x: 0.00cm
Delta ¥: 0.00cm
Delta Z: 0.25cm

] 2.48 Solidworks & ip] CT =+ & jedt

( To measure distance of every layer of CT by Solidworks )
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Amira Yiewer

(18 Bound ingBox|
| 1/8 Measuring |

-
&
&
B
a .
&
-

RotE Rot? [T 1T 1T Zaom4| | [ T8 Delly

B 2.49 Amira & P|# Bt £ fhenE B

( To measure distance of the major axis of contour by Amira)

R et T L L LR

b~ | o Jo - @ -
Bheis

RiR <l

BERE: 3.52cm

Delta x: 0.00cm
Delea ¥: 3.52cm
Delta 2: 0.00cm

—
.
Ny

B 2.50 Solidworks & | # Er & fheE B

( To measure distance of the major axis of contour by Solidworks )



FZR FRAEFAFRERP 2 RE

FRMEAL 2 LG VRBHEAS SR R A EL
FHMEFs s BRI AFT LB L IR G T
A A HRE ANSYS 274 $ 4 BRIZEA T - T UEF| A Mz eh
FAFROFHARRE T o AR &2 B LS TIH S 0
i v 4 BEHA > £ ok E von Mises ¥ RER N B E AR F AT
AR o] 3.0 £ 2 L i et BRI R A AT S R P

*Brﬁg}?i/l}lj X%?&?;}*;{r&%% Bl‘%"d»o

2. To establish element and
1.Simplicity Finite Element material
Analysis Model ——— \(1.Element Type
(Import CAD( Solidworks or =7 < 2.Material Proprties
Pro-E) File *.sat) -Young’s Modulus, E
-Poisson’s Ratio, v
5. Load and Constrains U
1.Boundary Constrains 3. Booleans -Glue
=>To fix structure {}
2.Load
=> a.Concentrated load 4. Mesh
b.Distributed load

6.Analysis

7.Results)
=>List ~ Plot

8.check result

Bl 3.1 3 ~F A% e ( Steps of Finite element analysis )
31 A LAEM F4E R F hff 4 £ B0l H[19]

A& A TRER S R e AR T4 A g W
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R SERINEZAIMEE BT EEAE R RSB E

=<

R
=1
\3;
=R
(:
e
A

W o TS - B D T AR S B R

4e@) 3.2 #7570 1% CAD st enp 371 £ ¥ B~ {8 & — #55x
(Contour ) =8 < 8L » H B .G RA4cR] 3.3 #7op 0 B & T BLEE TR
FU* B3t god SPSS v G2 VT L BRI - RE A AR S f
LR AR T B AR X-Z T g b oo 2D BEA] R E T
Hipo B8 @0ahe A7 4505

Z—22.078X +2982.365=0

o~ FhAR G - A AR S T X =W Ik
AARLE L

—22.078

7] COS
p= J(22.078% +1)(1* +0)

[=256
B & &7 R ACE 3.3 #o7
8 LM S licir B 333427 L L 2 E PP ER {9

Pt g oorw Sl R 4 B Y A0R 3.5 S A
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EoiX

eI T E R
R EE ARG, - TEF - v
= [@l30
FRBTBR(D:

TERE AT E L R0

HEz — THE AEIEEY ~
EiE = 3463.95 FH E¥ |
1Bk BRI B A ()
n=112.05
¥ =747
RS Sl [ ) \
=112.05
=7.47
=-521.25
B ATEE R (%~ 4)
Lxx = FBE7EE.19 Lz = -159444 44
Lyx = -159444. 44 Lyy = 1794102,57
W
@ ‘I

.\ -

|

®3.2 & CAD (Solidworks) J& &

( Take center of mass via CAD )

R13.3 # <R (Connected center of masses )
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—= Implant

Bone
cement

— -

Al g Cancellous
// bone
» Cortical

bone

B3.4 & 3%ixen eter of per part )

cancellous hone

3.5 & 3¥%i=#i® (Value of per part)
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k!

F3.6 # iWend BHA (o)

( Simplifid mechanies model ) ( Eccentric )
3.2 B IE#H-von Mises *% k& B [30-32]

B R AR AR TG AR R F] s F
FARE P BOIRAERIGILE o HOFL L 37 5 AR A g A RS
AT W 2R o H b 4 gk BT ORAE D0 Flt S BUR TR B
HE BB QAYRRELHE P PRET > dok
BA e gt 30 an T3 3% R 4 (Allowable stress) | > { FEiP] €
A2 R o et eaEBORIE R AT B T o B4 BB A (Maximum
normal stress theory of failure) | -

ISR L0 EF AR bR R
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FehE R G oA e o e bR R ¥ A TR FI R
dF Y mE* H T Fd 5 B (Ultimate strength)Su | 5 28 B (444 4L e
BN ¥ kA 2 08 k(Yield)g & A X 45> @ 2L 8 B¥T4 0 7
B RBREFRA BFE Y T MR 8 k3 & (Yielding strength)Sy | o

B ALA IS F AT e B4 BRTELRZ X T RS BRR
%’#ﬁéﬁﬁﬁﬁﬁﬁﬂﬂéﬁ4ﬁﬁﬁ@4ﬁ“%o?{géﬁ
PRARGES A ekt TR PRE A it 8
BT R IR AR % DAY o SR R R i
Bl BT R T A& R %A 8O 22 3% (Maximum strain energy theory of
failure) | -

T % e 5 H m?vﬁaij‘*‘»{F Toded - R g A R ATRE

2o 0 bAoA ik B o AR FIHAF BR PR S R

2

E
Bt A ARG S PR R TTH g W RS0 B A 4 RpE D
H oA R A A e BIZHAER A de e A fe el 4 Rk
BT R R A R AR R T R A

2Rl AN B TAL R RBERRE TN

T

LA

| BAE SR R T 93 T 2 4 (Equivalent stress) | & 4T
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5:\/(61 ~0,) +(0,-0,) +(o, -0, )

2

’

G+ A1 TvonMises &4 |

ARG R AL W < R

RSN T B R

B IEATERE Eoc k4 yS> o
o RETA RN T g 0,50~ 0,=0F > 0,=5 >
U W R F W €2 F LR 15 WY/ TR € FLAC I A 1N
d bR Atk > FERIE & 2k & 997 2 5 von Mises
Criteria » ¥ .3 "T+ % ~ 477 £ * von Mises & 4 ¥ 5 HLplifk

i J5 o von Mises Criteria B3k F »#rP X4 &

( Effective
stress ) » 3 FI3E A3 H dhfe W F

2 % T A en'd (KR 4 (Yidld stress)
oo R

R g o T M AN e

Bzt RGP oxoyz BRSO ARV AT R o, 0,0
GZZ‘TyZ‘T N

X TxyOE‘J-_:%E%’JE‘L}@IJP?TE\:ﬁ’J_E TB’»’FJ%\»{]-, s Pl
o, ~dio; ~3,0,-3;=0 U

=0y to,t0

— 2 2
=—(0,0,+0,0,+0,0,)+7,+T,+7

2 2
J,=0,0,0, +2z'yzrzxrxy—axxryz—0' Ty~ Oplyy
BEEAE R RO RE KR RES e

L R R H A R
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¢RI FE RN

BRIk DR o

BV TN (1) TR BE L o e AR
~Jo)-J0,-J,=0
Bl J =0, +0,+0,

=—(0,0, +0,0, +0,0. )+2' +T, +2'

yyzz

! 2 ' 2
J = 0' (7 0 +27yzrzxrxy axxryz — 0T —Oplyy

HeY =0 1, ¥VEH 5 =1/6(-0,)+(c,-0,) +(0,-0,)]

o, 0, 0y 5 = Bhi A

RN F B L~ THEP VKA S E DY R T
pr oo B @O g 5

o,=0, » 0,=0~ 0,=0

2+(G3—(71)2

2
Fw b E:ﬁk:\/(al_gz) +(o, - 0oy)
) 2
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von Mises " RER It p3af 2 bl b > FEgEF % 5
AR LA LS iR AR BRI Tal
4t > Bl % 5 ¥ (Cortical bone) 1§ = #-# ( Young’s modulus, E)
17500MPa> i ¥>+* (Poisson’s ratio, v ) = 0.3 = £t % ( Cancellous bone )
19 < 4iC#c 1000MPa » 5 0t 5 0.3 [33-34] -

B IR B S OBALAR T AR AR A R R
moo /Tﬁii’éﬂ’nfﬁ‘ﬁ?v P AR AT B AR 4 Y Lai

LA i * Y von Mises "F R IE R o
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33 3 'TAE A mARRE

331 WM X 2 HER T
B A LAER EE i F (0 CADA 2 2 ff 1R MBS 8 R
(*sat) $o38 1B T2 F A FT I HANSYS:E (7o o2 » {E D = &
4R WA AR TH A o
ERAEE S 0 g A BRI S A B s B b R
{2 % ¢ % Young’s Modulus (Mpa){- Poisson’s Ratio » 4r# 3.1 3% % &7
A&k e 7% EFH® (Cortical bone ) ~ 24 F # (Cancellous Bone ) -
A LB EAE O~ (SRR KRR F] Eae
% 5% (Cortical bone ) : fuf ek 2 > 27 — B Gogd i § chfe B
TEIFEFOTHE o d MR FFHFTRIZI TR E 2
(Isotropic) z_ sB{FHHL o #ru AT L Ew b2 % 3 B > S #
# (Young’s modulus, E) 17500MPa » i #~+* (Poisson’s ratio, v)
0.3 -
#i %t F (Cancellous bone) @ £ 5 F 1 & d fwn| &5k e f | 42
(Trabeculae) *FH =& 1% 45 @ @ et o F ) A d &R
Ao P RERFAESHe ¥ o AFET AN E B A F 0 K
1000MPa » i #3353 0.3 -
¥ -k ik (Bone cement) @ #-8 » 23 G B L o F N H#Kc
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2200MPa > ,ﬁ it % 03 o
A1k &~ $ (Implant) @ 1 8 & 454540 & £ (Co-Cr-Mo) »

# ~ -8 248000MPa > f #2503 o

AREAS H I
IS JUN 13 2006

0Z:03: 26
File: 2

@] 3.7 SolidWorks ﬁi%] I 4 % (*.sat) T ANSYS
( SolidWorks outputs the file (*.sat ) to ANSYS)
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Table3.1 7 "L~ & #3] 2 4 T e 4L |2 [33-34]

( Material coefficient of the finite element model and material property )

Material 1\3[(3(11131% z Poissoq's Element Material

E (MPa) Ratio Type Property

L ;ﬂ /f/—‘ 2 ’:'_

2> 248000 03  Solidos . "%

(Implant) (isotropic)

7K f"- ‘EI—‘ 5 M

bk 2200 03 solidos . *"F

(Bone cement) (isotropic)

M . e e
1000 0.3 Solid 95 : :

(Cancellous bone) ot (isotropic)

TR : e e
o 17500 0.3 Solid95 . :

(Cortical bone) ot (isotropic)

332 HAFHREE B L R H 0

TERATT M6 0 RS &S EANSYSHH F g 4
(Booleans operation) #k& (Glue) # i %75 A& % 2% & » 4o
3.8

TR RIS A IR R e (AR S

E‘

% Solid95 (3-D 20-node structural solid ) > 4] 3.9 - Solid95 7 20 i
gk A gL ¥R 5w 5 §8 (Tetrahedral )~ = % 4448 (Pyramid )
e 4 4148 (Prism ) if * 2= = 7 3] 3-D F $8 -7 2 i (Meshing ) -

#7% i) #04 Smart Mesh 424~ 2> ¥ BRI B T 2 = i o

P i 18 A H4e B 3.10 o
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3 NN

1
ELEMENTS

FAT W bone 15:12:20
cement Implant
Cortical
Cancellous bone
bone

(File: all

Bl 3.8 = 24L& % 3] 2 Wit m

( Cross section of total glue model )

Bl IO P L

(Tetrahedral Option)
M LD P LS W

T -

¥ AB

| KLS
Q R

(Prisrm Option)

] 3.9 Solid95 3-D 20-Node Structural Solid[35]
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ELEMERTS
HAT NIH

NN

HAY 12 2005
15:13:44

File: mll

B 3.10 #-7) %+ i (Mesh model )

333 #Af FE R

(1)

2)

R E AR 4 E AR L AoB) 3.6
% 4 %1 (Loading condition) : *& 4 R4 » RH#Er ¥ ¢ o H
grek s pE o AEM &S 4 Ak o RARHE A MEN S 70 2T 5 4
F7ERME S TOON B&s4 gz 28 2158 N %
4l IRk 8 s HE A B D F =531.21+666.86 ) —1982.45k
(F, =5312N ~ F, =666.86N ~ F, =-1982.45N ) [36] °

B i% 2 (Boundary condition ) : R F AH® i % > F T3]

(Full Fixed ) »
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AN

ELEMENTS
< JUN 13 2006
HFOF 14:14:58

e

=

=

e

i

.14

A

mu

Fixed
File: all
DRNVEE RIS S ERT S S a2

( Boundary condition of the finite element model )

334 1 1Az ~r RS2 H a2

i

N

WAl B LA R AT AT T A LA G AT AL

P

o X
AR ¥ REE BT (Plot) & £5)7 (List) % 3| >

13

NS & T s SR s dofd) s 4 BE2 ;§;L,.+ EE s (@

36) T EB AR B ARG KR BB IS A

WEPEAID AL R T G % LA R R 4o B 3.12-3.160 A ¥
aBEH O RUFH - KRR 2 A 3B & b+ von Mises stress[38] e

\I‘ZLL
X
~
-l

ﬁ

Bosd g AT AL B R R e

315 & Jpde P30 ',%{”‘J“,!f# i (8T E AR % 4o 3.16
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KODAL SOLUTION

STEP=1

5UB =1

TIME=]1

SEQY (AVG)
DI =5. LG4
S5MN =. 104639
SHX =126.932

» 104639

14,195

File: all

28.286

42.377

S56.467

AN

JUH 13 2006

70

54 . 648
.558

58.7

Bl 3.12 % & # Max.von Mises & * &

( Max. von Mises stress of cortical bone )

HODAL SO0LUTION

STEP=1

5B =1

TIME=)

SEQV (AVG]
DI =1.683
SMN =.066145
X =16.305

.0E6145

File: all

1.87

3.675

5.479

.28

3

39

10.892

12.696

Bl 3.13 2L F # Max.von Mises & * &

( Max. von Mises stress of Cancellous bone )
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15:37:07

112.83

126.592

AN

JUN 13 2006

14.501

15:37:41

16.305



HODAL SOLUTION m

JUIH 8 2006
ZL:10:46

STER=]

5UB =1

TIME=]

SEQY (AVG]
DD =5.038
SHN =.129755
SHX =47.286

- 129755 10, e08 21.088 31.56% 42 .046
5.369 15,848 26.327 36.807 47.286

File: all

@B 3.14 ¥ -k ;& Max.von Mises J& # &

( Max. von Mises stress of bone cement )

HODAL SOLUTION m

e UM 13 2006
B al 15:23:50
TINE=1

SEQY  (AVG)

DL =14, 478
5MN =.673629
S =10590&

« BTI6ED
1213

File: all
B 3.15 4 1 & & Max.vonMises &* & (B4 & ¥ )

( Max. von Mises stress of Implant ) ( Stress concentration )
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HODAL SOLUTION

STEP=)

SUE =1

TIME=1

SEQV [AVEG)
DX =14.478
SHN =.673629
5MX =342.646

67362 TE.667 152. 228.655 304.649
38.671 114. 664 190. 658 266,652

File: all

B 3.16 £ 1 B¢ & Max.von Mises & # &

( Max. von Mises stress of Implant )
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AN
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344 1A% A% E

ARSI AHE R A I EE N RF 2 AR F ST T
FERDAMRRE-HELL AL LA BIG o FAELD AR
PEEAR SRS IR F A i AT R x P AT
g o
341 v+ B A IR gLV R

it ehd BHAACR 3.6 0 5 4 1E i dow A
F =531.2i+666.86 ] —1982.45k ( F, =531.2N ~ F, = 666.86N ~ F, = ~1982.45N )
&4 5 2158kN F] 5 #5385 2D(X-Z B2 ) o1 & 4 £ R4 B

F =5591-2084k ( F,=559N ~ F,=-2084N )

J

FEVIEH SR 4 2 SUEEAcR 317 F AR 2 Bk SR
HetshBhadlcg A Apk PR F b SRR L ham by
Fiate r chhzp o L% s 4 'AA L4944 £ 4o Bl 3.12

RCER T R o B A L e R RS SRR TR
FHARE Reoord 2 ahP 5 B~ Ao B4 BB
3183 5 BepEhE 4 2 SRR AeR3.190d BE e E 3 F AF,

Fo#tid & b % S Rp BT L o 9T fhu g~ IV RE S @ AR

S

B o
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128582.8 .
}
I\‘-._
T
131897.3N.m 5 a 304 50N
71.62N
F, =359N
121871 5N-m . -
) F, =2084N
6711.3N.m — 47 T 20848

B13.17 SR 2 30kt ()

( Bending-moment diagram and stree of per part ) (eccentric )

F,=559N. | pimm
F, =2084N

FI3.18 ff it cnd EHA (R iho)
( Simplifid Mechanics Model ) ( No eccentric )
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F, N\ s
112536N-m X
F, v .

97825N-m l\\ 411.39N

180.323N
114062.1N-m Qﬁ

F, =559N
F, =2084N

32.713N

109482.28N'-m
- s
3053.72N-m, I; SRR

F3.19 $ER2 2 M ks (R He)

( Bending-moment diagram and stree of per part ) (No eccentric )
342 3 A=~ % Aa\%’?.s%%é?:}?‘;fﬁujx;% R 23

F AP AR Mo 0 XA 41320 0 3 R B UR R 4 1 B
R S ETE AR R e a R iR, 3o A A T RH A R
B &S d AR A 1AM %ﬁ:,}%’x}l}% FXk AL EE LA
Pyt éamtr > 2 V&2 k%% 4 1B &4 » %t 2 BPM
A RO o hrB]3.21 5 i 2 @ RS L I S#c o B~
ANSY S it 4 ,5}?%1\?'&73 mTAT @R X 4 iRAc B3040 B
RN SR ST RN S R TR PSR e
PR eh B AR 0 300 A 1 RERE 4R 0 R F enA b 13220 4

B et r R vk RN e d B @A TR F A )

Jeenfd A e BTl -
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®13.20 5 b X6 (X-ray of Subject )

Lc 140 mm cancellous bone
cortical bone
LB
— bone cement
250 mm
I‘.r 110 mm
1—— implant
L@ 175 mm

®13.21 7 ##-3 (BPM)
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HODAL SOLUTION

STEP=1

B =1

TIME=1

SEQV [AVE)
DITX =10.336
SMN =.075595
S =92.83

075595
Bl 3.22 % H # Max.von Mises & * &

( Max. von Mises stress of cortical bone )

20

. 688

30.5994
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AN
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16:38:49
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Ru g LR AL R 1 EIT A LALM § 4~
W B EE Y

EERMEIL I REPEAIMEE A BT AT &Y

TAEM EE R E R R W E SR RS PR

4.1 & F5en%8ck T
A5 aE SR e £ & 0r4 0 RORE £ R S 425mm o A R
+ £ & % 250 mm > ROHCA 4o B 41 H03 & 5 43 A u E %
BH SR A 1AM E - 2 F kR (B 42-45)0 B¢ BFE G
geat @ iem T ety o
Kz wmE g e e v AR ERY Tt i S5 4 1B
Mo PSR R EFOTF[26] i R Sl )0 R
RF > AP F AL U Z R
(Deegx4ixi2(ML)4» %5 50~60~70~80-90 =7
(2):z £ 3 (* 1 B & segment 7338 »)40,60,80 mme AF7F 3 12 A 1 B
e~ R R L L R T A Bl 45 R4 b A
175/110=1.591> 4§ ¥ segment & & 3 j vb & & W] % = 1.773>1.409 -
mErFRFT (LA 7 A48~ FR FIEE B
4

J—ﬁ-gﬁ,fg_fi, #\k%fﬁ’i%Y )\ﬁi?‘ﬂl ) t‘l—i—lzf’/r'g;j:;,é’ﬂ' ?FP\.&&LLZ\,T‘F °
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175 mm {,
segment

Wl 4.2 %% % (Cortical bone)
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Bl 4.3 L5 # (Cancellous bone)

B 4.4 1%Lk & (Total Hip joint)

69



B 4.5 % -k;& (Bone cement)

O
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42 45k ® BH B

FE B A R AR S Fphe T - A e 0 Bt e
7} 50-00kg I 7 ko ehL B o b A1 T @ E] G R HERA fT
1 Max.von Mises Ji 4 & > ¢ ZEigtH ~ BEFF ~ F KRR ol F
3o R FT L Max.von Mises i 4 B ek 4.-4. 3w A
FEET 2T B d AT Rl BV g g e X R4 B
Bl B AREPERFIZEF R RO SR A G e g R H
BRIt B A Fl S B KR B R ehRg I AT A 4
SEFFH IR LRI G PR OR T o T A 1R A
p R R el E S AT M S 2 T o S
SPSS[40]1% 21| & 3% b > S fg 7N o
y:—54.02+1.814x1 +33.712X2 .................. (1)
Hey 3§72 Pk~ von Mises stress » x, 3 J ¢ PR E > x,
2 AIMEAE A b R R o

1B R AR R l’:ﬂiij‘ﬁ»iﬁfl‘ P ETILV A

HLBEA b ime R A TR & > b p £ BT o
PRIE AR > HEREILS 9 W IR AR 0T
y =—595.852 +5.813X, +374.317X, +++vrerereeeees (2)
Hoy i 43 B &7 3]ehd 4 von Misesstress » x, & s + 8 E >
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X, % A LR &fE » b R RV o A I B G T g § AT AR
TAENRFEFHET AL WKL 2 F 2 A IS PR A
y=700MPa: x, 5 1.591 {8 x % 2 120 = 7 4= } 4cif 2 & »~ ANSYS
A7V B A 1 MR & endc < von Mises stress = 706MPa 4§ 4.7 -
FRARN S T0 (5 #7027 ) lx, 5 2374 L& § 9 & § 8.62
S 29 ok ik~ (segment @ E 9 o4 ) i~ ANSYS #3413
B & chid ~ von Mises stress % 718MPa -] 4.8 35+ 5 % ¥ P R
el jF 2 AR T g srenfi B B E -

£ ATHARS 1Imm 7 LR 7 - o g5t
Y = —511.292 +5.230%, +330.410%,+++ sax-vwser teteunmveneeens (3)
do b ik A E T x, & 1.59] o x & 131+ #{131 27 130 &
~ ANSYS » 24752 % 5 692Mpa 4B 4.9x 2 70 =7 » ¥ 12 {8 3
x, = 106.38 -~ i]h{{ % 106.38 mm > 12 110 * » (segment ® £ 110
mm) s> 2454 % % 719MPa 4@ 4.10 A & S;\JeE 2 P v A

RS T I R B AT
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2 41HEZ ¥4 S8R FF von Mises stress e 58

Table 4.1 MVVMS of cortical bone with different weight and stem

diameter

Stem-Diameter (mm)

Weight (kg) 9 11 13

50 88.40 90.49 90.65

60 106.08 108.59 108.78

70 123.76 126.69 126.92

80 141.44 143.65 145.53

90 159.12 161.61 163.18
Unit:MPa

2 420E 2 F4mE /S8 4 1 B & grvon Mises stress e &

Table 4.2 MVVMS of stem implant with different weight and stem

diameter
50 290.07 272.61 244.74
60 348.09 327.13 293.69
70 406.10 381.66 342.64
80 464.12 429.03 391.59

73

Unit:MPa



# 438 £ 2 ¥ 4m 2 S ¥F KA von Mises stress g2 ¥

Table 4.3 MVVMS of bone cement with different weight and stem

diameter

Stem-Diameter (mm)

Weight (kg) 9 11 13
50 23.82 25.31 33.77
60 28.59 30.37 40.53
70 33.35 35.44 47.28
80 38.12 39.81 54.04
90 42.88 44.79 60.79
Unit:MPa

%448 E 2 T ISRE ¥ von Mises stress 37 58
Table 4.4 MVVMS of cancellous bone with different weight and stem

diameter

Stem-Diameter (mm)

Weight (kg) 9 11 13
50 9.37 9.51 11.64
60 11.24 11.41 13.97
70 13.12 13.31 16.30
80 15.00 15.07 18.63
90 16.87 16.95 20.96

Unit:MPa
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# 4583 2 F w2 L4 % FH von Mises stress 17 58

3]

Table 4.5 MVVMS of cortical bone with different

Height and stem diameter

Stem-Diameter (mm)
Lo/ L, 9 11

13
1.409 119.69 119.69 119.69
1.591 123.76 126.69 126.92
1.773 131.64 131.82 131.61
Unit:Mpa

£ 46 23 2 F4m 3 iS4 4 1 B & von Mises stress 13 %8

Table 4.6 MVVMS of cortical bone with different

Height and stem diameter

Stem-Diameter (mm)
Lo /L, 9 11

13
1.409 339.59 324.98 308.22
1.591 406.10 381.66 342.64
1.773 474.35 443.95 396.03
Unit:MPa

% 47 £ 3 2 ¥ {m 2 S8+ oKk g von Mises stress =32 5%

Table 4.7 MVVMS of bone cement with different

height and stem diameter

Stem-Diameter (mm)
Lo/ L, 9 11

13
1.409 38.07 32.30 44.30
1.591 35.02 35.44 47.28
1.773 33.58 39.73 51.22

75
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# 48 3 2 B imE LHEEF von Mises stress 1% 58
Table 4.8 MVVMS of cancellous bone with different

Height and stem diameter

Stem-Diameter (mm)

Lo/ L, 9 11 13
1.409 12.27 12.13 14.59
1.591 13.12 13.31 15.30
1.773 14.66 15.37 16.52
Unit:MPa
NODAL SOLUTION m
e T
"
1.18 o 157.993 R J14.805 e 471.618 e 628,431 P

W46 A 1M SEE9mF %R (FERME)
Verification of regression analysis equation of diameter 9 mm of implant

(forecast weight )
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AN

HAY 26 2005
17:24:30

HODAL SOLUTION

STEPal
SUB =1
TIME=1
SEQV {AVG)
DIX =31.396
SMH =.721259
SHX =718.585

£

479.297 638.822
399.534 559.06 T158.585

. T21259
80

A7 A 1HMSEE9wiF i %E (FEREF)
Verification of regression analysis equation of diameter 9 mm of implant

(forecast height )

HODAL SOLUTION

AN

i JUN & 2005
PR 20:07:07
TIME=1

SEQV (AVG)

DI =28.607

SMN =1.119

SMX =692.012

B

61.71

B3 4 5 6515.247
364.949 536.481 692.012

W48 +1MeEE il El%E (IrHE)

Verification of regression analysis equation of diameter 11 mm of
implant ( forecast weight )
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AN

HODAL SOLUTION

e JUM z 2005
SUB -1 10:50: 08
TIME-1

SEQV  (AVG)

DI =31.619

SMN =. 616465

SIX =719.519

D=

.616465 160.372 1289 885 639,641
&0.494 559,763

719.519

W49 A ad Ll ai%E (GEkd )
Verification of regression analysis equation of diameter 11 mm of

implant ( forecast:height )
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Foreehh B T edrT ko @i R T e U o 2
REFGALH & - K A BB g T - B4 2 RA T 1
L RFDT R - A Rdele { i e IR ML 258 £
e SRR S R RS I e R Lk Y
£ (s enlFA5 o F 4 g e Amira BiE F B G BrpE T ] A B e
o MBS E R U2 p B EERE 2 8 L A T Ao
st g B Hkrie » CAD ¥
WE R BRE RV hig S o Aot - R U & iR E T

HPER 0 A4 g o

ﬂ /r h Axis of
/ \ bone
_ \_w
(.f

B 5.1 4 » pha g b B M

(An inclined angle of axis of implant and axis of bone )

80



# 0.1 s 2 AR wig = enFAE R

Table 5.1 Difference of bending moment of eccentric and centric

implants
Centric implant Eccentric Implant Increasing (%)
F 114062.1Nm 131897.3Nm 15
F, 112536.0 Nm 128582.8Nm 14

5.2% "UA 4 A AP 2 HE

R L E AT A B 2 ] et B R
PRI TR A LB R R 2 F TR A AT R ke
(Distal femur)em A 1 B e dm » 5B 2o U F 2470 L R0 F h
AR R Xk B e T A B e B A
PR AL ke 0 AP 6 R R B Bl R AR LA
Woob YR A R A 2 G 4 i fooci(Stress-shielding
effect)[40] > 23— S F - > KXFF 4 BEFm g6 v { A

R T R e R 1 SR UTELE

UES

]
)&

PR

BHBERETR 2SS AA TR B E D] 0 AFT A

PR RIIITERAE A I a2 skEEs 4 o B g Faep

1.
(s
=\
B:\J-
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g

Bl 5.2 7% BRI B & ¢

7 e CAD #-3
( CAD model of deficient tibiofemoral joint including soft tissue ) [27]
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B A-1 + BB &% (Right hip joint bone )

1 lliac crest % #
2 Lateral part of sacrum (ala) g % #F 3¢ (¥ )
3 Position of sacroiliac joint & %5 B & = %
4 Anterior superior iliac spine 5 # @ F §k
5 Linea terminalis ** 4%
6 Iliopubic eminence # Bufi Y
7 Bony margin of acetabulum #gv= 4 4 %
8 Head of femur %< % &g
9 Greater trochanter ~ i 3
10 Neck of femur % # $¢
11 Intertrochanteric line # &+ ¥ &
12 Shaft of femur *% % #*
13 Fifth lumbar vertebra % 7 *&i&
14 Imitation intervertebral disc between fifth lumbar
vertebra and sacrum % 7 ME3E7 g R B2 A SR A
o
15 Sacral promontory & @
16 Anterior sacral foramina & # = 3t
17 Pubic tubercle Bod & &
18 Obturator foramen ¥ 3t
19 Ramus of ischium ¢ # 4x
20 Lesser trochanter -] i &+
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B A-2 & X3 % (Adult's femur)

1 Metaphysis & # &3
2 Spongy bone gx &4
3 Medullary cavity in the diaphysis ¥ &z 2_ # %83%
4 Compact bone x % #
5 Nutrient canal § % #
6 Diaphysis * iz
7 Epiphyseal line ( remnants of the epiphyseal plate ) # & 4
8 Head of the femur 7% % #g
9 Fovea of head &g /] n
10 Trabeculae of spongy bone x4 % 2_ ¥ -] =
11 Neck of the femur % # $¢
12 Greater trochanter ~ & +
13 Lesser trochanter -] #& =+
14 Articular surface & & &
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17

B A-3 + &8 & F fof ¥ (Bones of right knee joint and patella)

1 Femur #%#
2 Patellar surface of femur % % ¥ w
3 Lateral epicondyle of femur 3% ¢+ 7]+ §2
4 Intercondylar eminence of tibia ’%# 2 & £
5 Lateral condyle of tibia &% *F ip| %
6 Position of tibiofibular joint %5 i & i~ ¥
7 Head of fibula #= % zf
8 Tuberosity of tibia &% }e f4
9 Fibula ## ¥

10 Shaft of tibia "&% ##

11 Popliteal surface of femur % # % &5

12 Intercondylar fossa of femur % ¥ %2 ¥ &
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13 Lateral condyle of femur 3% # ¢ ip] 4R
14 Patella %1

15 Base of patella #% % £ %

16 Anterior surface of patella #%¥# + &
17 Apex of patella % =« =%

18 Articular surface of patella #¢# & & &

(@)% @ (b)is &
B A-4 -] A o +ogd o4 (Bones of leg, right tibia and fibula)
1 Lateral condyle of tibia "&# *F ip|%%
2 Position of tibiofibular joint &%= Rk & = %
3 Head of fibula =¥ zg
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4 Interosseous border of tibia *&¥# # B 4%
5 Shaft of fibula ¥ iz
6 Interosseous border of fibula #*=# # & %
7 Lateral surface of fibula = % ¢ @&
8 Position of tibiofibular joint &%= Rk & = &
9 Lateral malleolus *F ip| R
10 Medial condyle of tibia &% p ip| %R
11 Tuberosity of tibia "&¥ = 4
12 Shaft of tibia (diaphysis) *&# iz
13 Anterior margin of tibia "&¥# #
14 Medial malleolus p iR
15 Inferior articular surface of tibia "&¥% = & & &
16 Intercondylar eminence #2 ¥ f£ 4
17 Soleal line 't p 4 %
18 Medial border of tibia &% p |4
19 Posterior surface of tibia &% {4 m
20 Malleolar sulcus of tibia "&% iR /&
21 Malleolar articular surface of fibula = # LA & o
22 Apex of head of fibula »= % zp = =3
23 Posterior surface of fibula =¥ & &
24 Posterior border of fibula = # {$ %
25 Medial intercondylar tubercle p p|%R ¥ % &
26 Posterior intercondylar area s ## & %
27 Anterior intercondylar area = 2 & %
28 Lateral intercondylar tudercle *#F |48 fF 2 &
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